The aim of the study was to determine the role of inbreeding in occurrence of lethal congenital hydrocephalus (LCH) and congenital abnormalities associated with it. Materials and methods: There was an examination of 182 fetuses born with LCH, out of which 69 were diagnosed with isolated and 113 fetuses were diagnosed with associated hydrocephalus resulting in 38% and 62% occurrences, respectively. All the fetuses were the result of spontaneous abortions, stillbirths, neonatal deaths and the pregnancy terminations due to medical reasons. The fetal autopsy was performed immediately after the fetal expulsion. The brain examination was performed after being preserved in 10% formalin solution for the period of 6 months. Measurements were taken on the ventricles in their central parts. Ventricles with the enlargements over 10 mm were determined as hydrocephalus and severe ventriculomegaly if the ventricular dimensions were over 15 mm.
IntroductIon
Consanguineous or close relative marriages are a very rare social phenomenon in highly developed countries of Europe, as well as in Latin America and Western Asia. On the contrary, cousin marriages and marriages between other relatives in most Muslim countries from Morocco to Pakistan are a common practice with a wide range of 20-80%. 1, 2 Worldwide, about 6.5% of the total number of couples are in close relative relationships. The frequency of consanguineous marriages varies widely depending on the culture, traditions, and the corresponding/relating civil laws. 3 It is a well-known fact that babies born in consanguineous marriages have a much higher risk of developing rare recessive syndromes and congenital malformations. 4, 5 Rittler et al. state that inbreeding is, to a great extent, associated with three types of congenital malformations, mainly, hydrocephalus, postaxial ulnar polydactyly, labial or palatal bilateral cleft. 6 The frequency of cases of congenital hydrocephalus, depending on clinical criteria used for its differentiation, varies from 1 to 32 per 10,000 newborn babies. 7 Serious malformations associated with congenital hydrocephalus are observed in almost 50% of the cases and has become the cause of fetal death, spontaneous abortion, or neonatal death. Therefore, the congenital hydrocephalus associated malformations can be defined as lethal and are not a subject to successful treatment. In order to reduce the risk factor the common recommendation is to terminate the pregnancy due to medical reasons. 8 The aim of the study was to determine the role of inbreeding in occurrence of LCH and congenital abnormalities associated with it.
MAterIAls A n d Methods
There was an examination of 182 fetuses born with LCH, out of which 69 were diagnosed with isolated and 113 fetuses were diagnosed with associated hydrocephalus resulting in 38% and 62% occurrences, respectively. There were 172 fetuses obtained from the 21,316 births during a 3-year fetopathological examination (from 2006 to 2009) which took place in Embryo-Fetopathological Clinics at the Centre for Maternity and Neonatology, Tunis, Tunisia. Another 10 fetuses with LCH were recorded from a total of 2,104 births in the Obstetrics and Gynaecology Clinic at St. George EAD University Hospital, Plovdiv, in the year 2016.
All the fetuses were the result of spontaneous abortions, stillbirths, neonatal deaths and the pregnancy terminations due to medical reasons. The data on the mothers and fetuses was acquired from their obstetric history.
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The fetal autopsy was performed immediately after the fetal expulsion followed by the macro-and microexaminations carried out with the parental permission. The autopsy procedure included the observation of the fetuses as whole, their body surface cavities and collecting the biometric data in situ. The brain examination was performed after being preserved in 10% formalin solution for the period of 6 months. Measurements were taken on the ventricles in their central parts. Ventricles with the enlargements over 10 mm were determined as hydrocephalus and severe ventriculomegaly if the ventricular dimensions were over 15 mm. 9 Each macroexamination was accompanied by a specimen being obtained for further histological examination from the area of brain cortex, brainstem, choroid plexus and meninges.
For the data interpretation SPSS version 19 was used. A descriptive analysis and a χ 2 analysis were applied.
results
Anamnestic data for inbreeding in the two groups were determined in 47 cases (25.8%), 14 cases (29.8%) specified with the first degree, 9 cases (19.1%) with the second degree and 24 cases (51.1%) with the third degree. Inbreeding seemed to be more of the etiologic factor in fetuses as they occurred in 31% of the cases (Fig. 1 ). Every diagnosis of hydrocephalus with other anomalies in all other organs and systems is regarded as associated hydrocephalus.
Maternal Age and Agenesis of the Corpus Callosum
Our research has established that there is a significant correlation between the appearance of LCH and the maternal age of over 40 as well as third-degree inbreeding, with a serious risk [OR = 11.667 CI 95% (0.924-147.298)] (Fig. 2) .
The fetus from a mother being a close relative marriage is at a 6 times increased risk of developing hydrocephalus associated with the agenesis of the corpus callosum leading to the fetal third-grade inbreeding, and the risk is significantly high [OR = 30.000 CI 95% (1.410-638.150)] (Fig. 2 ).
Skeletal Dysplasia
Skeletal dysplasia is highly associated with LCH in the presence of consanguineous marriage (Fig. 3) . The share of LCH with the combination of bone dysplasia and inbreeding of the first and second degree is 5 times higher [OR = 9.867 CI 95% (1.236-38.610)] and 9 times higher if bone dysplasia is combined with the thirddegree inbreeding [OR = 9.867 CI 95% (0.883-181.687)].
Previous Births of Babies with Congenital Birth Defects, Aqueductal Stenosis, and Dandy-Walker Malformation
The important indicator of the development of LCH is the presence of previous births of babies with congenital birth defects, especially of those born in consanguine marriages. The appearance of LCH in those cases is almost fourfold, with quite a high risk [OR = 4.410 CI 95% (1.443-13.482)] ( Table 1) .
Aqueductal stenosis is significantly associated with inbreeding and is a cause of congenital hydrocephalus resulting from consanguineous marriage ( Table 1 ). The share of LCH with aqueductal stenosis, as a precursor, and the second-degree inbreeding is about 7 times higher, with quite a significant risk [OR = 9.867 CI 95% (1.328-73.296)] ( Table 1) .
Dandy-Walker malformation in association with inbreeding is closely connected with LCH (Table 1) . It is found to be 5.5 times 
dIscussIon
In their research Rittler et al. established significant association between consanguineous marriages and hydrocephalus, postaxial ulnar polydactyly, labial or palatal bilateral cleft. 6 The similar results were obtained by Stoll et al. who established the statistical reliability in the association between inbreeding and congenital hydrocephalus. 10 Rajab et al. carried out a promising study in which they compared the data of children born in consanguineous families with healthy children born in the same type of families. 11 All the 11 cases of the congenital hydrocephalus occurred in consanguineous families (45% in first-cousin marriages, 27% in second-cousin marriages, and 28% in more distant relative marriages).
Murshid et al., during their epidemiological study in Saudi Arabia of congenital hydrocephalus and associated with its occurrence factors determined that, despite the large number of consanguineous families (73%), inbreeding was not found to be a significant risk factor in comparison to the control group (63%). 12 Our research has proved the link between consanguineous marriages and occurrence of congenital disorders which strengthens with the presence of specific circumstances-this fact could not be found in any available literature. The nonparametric analysis applied to the obtained data established that LCH is associated with On the other hand, our research established the significance of inbreeding in occurrence of LCH associated with other certain abnormalities. The presence of inbreeding of first and third degrees greatly increases the risk of LCH associated with (a) aqueductal stenosis [OR = 9.867 CI 95% (1.328-73.296)], (b) skeletal dysplasia [OR = 6.727 CI 95% (1.203-37.609)], and (c) Dandy-Walker syndrome [OR = 6.250 CI 95% (0.803-48.671)].
conclusIon
The obtained results unambiguously prove the importance and significance of inbreeding as a risk factor of LCH appearance and its increase in association with other risk factors which should be taken into consideration when observing such pregnancies.
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